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Dram power Management 



Background of the Invention 

1. Field of the Invention j q 

|1) The presjnu indention relites genendry to computer lystcms, sod more particularly, to 



2. Description of tbe Related Art 

|2J Power consumption by computers and computing devices is an issue for many 
reasons. Examples include portable computing devices that have a limited power source 
(ie., battery), large server c omputer iyrtcins that process large quantities of data but also 
coosume large quantities of power in the process, and the cooling required to remove the heat 
chit is produced as the power is consumed by the computing devices. The total power 
consumed by a computer is constantly being driven lower and lower. By way of example, a 
portable "laptop" computer's battery is a finite power source. One aspect of performance of 
a laptop computer is how long it can operate on (he battery. A larger and heavier bancry can 
typically extend the operating time bat because the laptop is also rated foe its light weight, 
increases in battery weight are typically avoided. Therefore the p 



20 

efficiency of a laptop computer is an aiportam feature " v 



Pi Another example of power management is in a server computer. As 
processes so much data that it also consumes large quantities of power. Further, when 
multiple servers are combined into a -server farm" to work together, the power consumption 
becomes very high. Because much of the consumed power is converted to beat, the servers 
are typically actively cooled by air conditioning and refrigeration systems which further 
increases the overall power consumption of the server. 

[4| Power efficiency of computers has been addressed through various methods such that 
now the power consumption of a high efficiency compotcr's memory system can Ear 
outweigh the power consumption of the processor itself. By way of example, a high 
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efficiency processor consumes app/cxim aicty <0 watt of powa. Such high efficiency 
processors to • server can have 16 or more DRAM (dvaarrjc random access memory) 
DIMMs (dual in-line memory nodules} in me memory system. Each of the DIMMs 
coosume ttpproainxrtery 14 wans of power at maxinran access Ox., read/store) rates, 
resulting in a total af 224 watts power co nsmnp lio n for the 16 DIMMs, ai maximum acceu 
rales. 

|S| Typical power usage, though, is much lower. The reasoa typical power usage is 
lower is because the DIMMs are not always being used at maximum access rates. Each lime 
a memory cell within a DIMM is written to or read from, a small amount of power is 
consumed. Therefore, the number of tiroes a DIMM is accessed in • given time interval 
impacts the total power usage of that DIMM- 

[6] Figure t is a high-level block diagram of a typical computer system 100. As shown, 
the computer system 100 includes ■ processor 102, ROM 104, and RAM 106, each 
connected too tea system 108. The bus xyacm 108 may include one or more buses 
connected to each other through various bridges, controller* and/or adapters, such as are well 
known in mean. For example, the bus system 108 may include a "system tm»" thai is 
connected through an adapter to one or more ex pens ion buses, such as a Peripheral 
Compooent Interconnect (PCI) bus. Also coupled to me bus system 108 are a mass storage 
6 1 10. a network mterfac* 112. and a number (N) of input/output (I/O) devices 1 16-1 
i 116-N. 

1 71 The I/O devices 1 16-1 through 1 1 6-N may include, for example, a keyboard, a 
pointing device, a display device and/or other conventional I/O devices. The mass storage 
device 110 may include one or more of any devices that are suitable for storing large 
volumes of data, such as a magnetic disk or tape, magneto-optical (MO) storage device, or 
any of various types of Digital Versatile Disk (DVD) or Compact Disk (CD) based storage. 
(8) Network interface 1 1 2 provides data communication between the computer system 
and other computer systems on a network such as a local area network, wide area network, 
the Internet or other networks. Hence, network interface 1 12 may be any device suitable for 
or enabling the computer system 100 to communicate data with a remote processing system 
over a data communication link, sucb as a conventional telephone modem, an Integrated 
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Services DigroU Network (ISDN) adapter. » Digital Subscriber line (DSL) adapter, a cable 

r, or the like. 



{91 Tbe RAM 106 can include multiple DIMMs 106-1 through 106-N. In a typical 
application, ■ average access rase of a DIMM results in an average 6- wan power 
comcmptkn. However, as discussed above, tbe maTttmnm access rale can cause the power to 
increase to as modi as 14 warts for each DIMM 106-1 through 106-N. 
|10) m view of the foregoing, what is needed is a tyslem and method to reduce or limit the 
maximum power con sump tion of each DIMM as seen by the power supply without 
significantly impacting the performance of the processor. 

5 VMM ary Of the Invention 

111 | Broadly speaking, the present invention fills these needs by providing a lystrm and 8 
method for managing DRAM power consumption. It should be appreciated that the present 
invention can be implemented in numerous ways, including as a process, on apparatus, a 
system, or a device. Several inventive embodiments of the present invention are described 
below. 

|12| One embodiment includes a computing system that includes a processor, a memory 
system, a DRAM controller and a bus that couples (he memory system, the processor and the 
DRAM controller. The memory system can include ax least one DRAM module. The 
DRAM controller is operable to limit an access rate (us. number of accesses in a given time 
interval) to the at least one DRAM module so that a DRAM module power consumption rate 
is less than or equal to a desired average memory power consumption ram. 

1 13] The DRAM controller can include a state machine. 

JI4J The access rate can be equal to a number of accesses per a current tiro* interval 
1 15J Tbe computer system can also include a power supply for the memory system. 
|16| The length for (he current lime Interval can be less than about a regulation time 
constant of the power supply for the memory system. 

1 1 7| One advantage of the present invention is (hat DRAM power spikes that are higher 
than the desired maximum power consumption and shorter than the regulation time constant 
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cm be supplied by the power supply deccuphng capacitors wizboui affecting the power 
supply or processor operation. 

(1SJ The length for the current time interval can be equal to about 10 microseconds. The 
cur r ent time interval is Ions enough that (he DRAM access rate in the current time interval 
S will Lekkiin exceed the long torn svenge. As a result* limiting (be number of DRAM 
accesses in (be c ur r en t time interval wiD have minimal impact on (be performance or the 

1 15] The desired memory power consumption rate can be equal to aboot 66 percent of a 
maximum power consumption rate of the at least one DRAM module. Alternatively, the 
10 desired memory power consumption rote can be equal to about 9 watt* foe each of the « least 
one DRAM module. 

1 20 J The processor can also include the DRAM controller. 

(21 J Another embodiment includes ■ method for limiting po»xr consumption of a 
computer memory system. The method roc hides selecting a memory access rate. The - 

1 5 selected memory access rate corresponds to a desired average memory power consumption 
rate. A first time interval is started as a current time interval. A memory system is accessed. 
If the memory access rate has not been exceeded, then the access is applied to the memory 
system. Alternatively, if the memory access rote has been exceeded, then the access is 
delayed until the current time interval has expired and a subsequent time interval is started as 

20 the current time interval and (be access is applied to the memory system. 

(22) Accessing the memory system can include determining if the current time interval has 
expired. If tbo current time interval has expired, then a subsequent time interval is started as 
(he current time interval and the access is applied to rhe memory system. Alternatively, if the 
current time interval has not expired then an access counter incremented. The access counter 

25 can be pan of the DRAM controller. 

|23} The access rate is equal to o number of accesses per a current time interval. 

(24) In one embodiment, selecting (he memory access rate includes selecting a length for 
the current rime interval. 

{251 hi one embodiment, the DRAM controller controls access to the memory system. 
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fZ6) The present mvennoo provide* the advantage of subctaonaUy reducing the worst case 
power consunaXioa of the memory »ystmi. as soro by the power supply and the cooling 
system without substantially impacting the performance of the memory system. Reducing 
tfK \*or^ca» power corwOTptioa allowi for a smaller overall power supply to be used. 
5 Reducing the worst case power consumption also reduce* the peak demand on the cooling 
systems and methods (hereby allow a smaller overall cooling system. 
{XTJ Other aspects and advantages of the invention will become apparent, from the 

following detailed description, taken in conjunction with the accompanying drawings, 1 0 

ilrusauling by way of example the principles cf the invent inc. 



\I9\ Figure 1 is a high-level block diagram of a typical computer system. 
15 {30] Figure 2 is a block diagram of a computer system in accordance with one 
embodiment of (he present invention. 

J31 j Figure 3 is a flowchart diagram of the method operations of one embodiment of the 
present invention. 



20 PI| Several exemplary embodiments far managing DRAM power consumption will now 
be described, tt wilt be apparent to those skilled in the art that the present invention may be 
practiced without some or ill of the specific detaDs set forth herein. 

f 33 J As discussed above, in s typical application, the DIMM at typical access rates results 
in an average of about 6 to 9 watts of power consumption by the DIMM. The same DIMM 
25 can have a maximum power consumption at a maximum access rote of as much as 14 watts, 
In one embodiment, the system and method for reducing the power consumption of the 
DIMM is a method of limiting the Dumber of accesses to the DIMM for a given time interval 
so thai a maximum power consumption for DIMM does not exceed a prc-selcctcd amount. 



10 



Brief DKACPJPTlOy OF THE DRAWINGS 

f28) The present invention will be readily understood by the following detailed description 
in conjunction with the accompanying drawings, and tike reference numerals designate like 



Detailed Pes cbjption of the exemplary Embodiments 
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(34) In one embodiment, the access rate can be lisuied to s selected cue such that the 
power consumption cannot exceed a eorrespoodrag power level for a pre- selected tune 
interval. By way of example, the cenrspoodmg power coa sumption can be about 66 percent 
of chc oiaziimiia power coonenpocn of the DIMM, such as aboui 9 watts if the DIMM 
5 consumes about U wans u maximum access rate The pre- selected time interval can be 
about 10 microseconds. Therefore, if a DIMM access rata of I»000 accesses per 10 
microseconds resulted is a 9-wait power consumption rate of (he DIMM, then (he 1,001 and 

subs e q uent accesses during that same 10 microsecond period would be delayed until a JQ 
mil sequent 10 microsecond period. 

10 (3S) A thennal time constant is roach longer than 10 microseconds as a result the peak 

power consumption of the DIMM as seen by (he cooling system can also be reduced by shout 
35% which farther reduces the cooling requirements of the computer system sad further 
reduces (he power re quir em en ts or (be power supply. 

[36] Figure 2 is a block diagram of a computer system 200 in accordance with one 
IS embodiment of the present invention. The computer system 200 includes the processor 102. 

the ROM 104. and the RAM 105, each connected to (he bus system I OS. The computer 

system 200 also includes the mass storage device 1 10, the network interface 1 12, multiple 

(N) of input/output (I/O) devices 1 16-1 through 1 16-K end a power supply 220. The 

computer system 200 can also include a DRAM comroHcr 230 for controlling the accesses to 
20 (be RAM 106. The DRAM controller 230 can be part of the processor 102 Of part of the bus 

system 108 or port of the RAM 106. The DRAM controller 230 can also be a state machine. 

20 

|371 The power supply 220 supplies the power to the various component* of the computer 
system 200. In particular, the power supply 220 supplies current to the DIM Ms 106-1 
through 106-N via a power supply rail 222. The power supply 220 includes one or more 
25 decoupling capacitors 224A. Each of the DIMM 5 106-1 through 106-N can also include one 
or more decoupling capacitors 224 B, 224C. 

1 381 Typically, the power supply 220 has a regulation time constant which is the time 
required for the power supply 220 to respond to a change in current demand on the power 
supply rail 222. By way of example, if the regulation time constant is 10 microseconds, then, 
30 if the current demand oo the power supply rail 222 increases from 200 ma to 300 ma, then 
the power supply 220 would lag to delivering the 100 ma increase (300 ma total) of current 
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to the power supply nu'J 222 for approximately 10 microseconds. In another example, if the 



doubled, then the current draw by the DFMMs 106-1 through 106-N won Id just as suddenly 



S of current supplied to the power supply nril 222 in 5 microseconds, then the various 
decoupling capacitors 224A, 22 4 B, Z24C can partially discharge to provide the "excess 
demand current" during the 5 microsecond peak demand period and until the power supply 
220 is able to meet the power consumption demand. 

(39] A typical regulation time constant is 10 microseconds, therefore die decoupling 
10 caparitnxs 224A, 224B, 22*C arc sized so as to be able to supply the peak currents for 
approximately 10 microseconds. 

|40] Figure 3 is o flowchart diagram of the method operations 300 of one cinbodirnenl of 
(he present invention. Is operation 302 a DIMM access rate (i.e., access per a pre- selected 
tints interval) ts selected. The DIMM access rate can be selected by selecting a desired 

15 power consumption rate that corresponds to the access rate. By way of example, for o given 
DIMM, 1 000 accesses per each 10 microsecond interval will cautd the DIMM to consume 9 
wins of power for each 10 microsecond rime interval. Therefore, selecting; 1 000 accesses 
per 10 microsecond interval will correspond to 9 watts of power consumption. Alternatively, 
selecting a consumption rate of 9 watts per 10 microsecond interval will correspond to 1000 

20 accesses per 1 0 microsecond interval. Selecting the access rate also includes selecting the 
time interval , 

|4 1 1 The selected time interval Icuglh is selected to be a relatively short time interval that 
is still sufficiently long enough so that there are only d few intervals where the number of 
attempted accesses would exceed the selected access rate. Because the the selected interval 

23 is long enough that few accesses are actually delayed, then there should be no significant 

performance impact on the processor. In one embcrftimcrit, a 10 rmcrnsecond time interval is 
adopted because the 10 microsecond time interval is also the typical power supply regulation 
time constant, as described above. While a 10 microsecond time interval is described herein, 
it should be understood that shorter and longer time intervals could also be used. 

30 H 2 I In operation 304, the initial time interval is started A timer having the prc-eelected 
time interval length can be used to monitor the time interval. The processor 102 accesses the 



number of i 



on the DIMM* 106-1 through 106-N suddenly (e-g^ in 5 rmcroseconds) 



approximately doc He. However, because the power supply 220 
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DIMM is operation 306. fai one embodiment, the DRAM controller 230 uitoreepu the 
processor's access of the DIMM to control the processor's 102 accesses to the DIM Ms 106-1 
through 106-N. 

(43 1 In operation 308, the time interval is checked to determine if the time interval has 
5 expired. If the time interval has expired, the method operations continue In opemioo 322 as 
described below. If, in operation 308, the time interval has not expired, then, in operation 
310, a DIMM access counter is incremented. The DIMM access counter can be a physical 

counter or simply a meatary location or any other method as are well known in the art (o 10 
monitor a state. 

10 |441 la operation 3 12. the access raw is cxamiacd to determine rf the access ratA has been 

exceed ed . By way of example, the DIMM access counter can be examined to determine if 

the number of access exceeds the maximum number of access in the cur re nt time interval. If, 

in operation 3 12, the access rate has not been exceeded, then the access is applied to the 

DIMM in operation 314 and the DIMM responds to the access in operation 316 and the 
1 5 method operations continue at operation 306. 

|4S] If in operation 3 12, the scccsx rate hax been exceeded, then the time the access is 

delayed until the current time interval expires in operation 320. When the current time 

interval expires In operation 320, the method operation continue in operation 322 where a 

subsequent lime interval is initiated. In operation 324, the access is applied to the DIMM 
20 and the DIMM responds to the access in operation 326. The DIMM access counter is reset to 

1 in operation 328 and the method operations continue at operation 306. 2Q 

(46] As wed herein the term "about" means +/- 10%. By way of example, the phrase 

"about 250" indicate* a range of between 225 and 275. 

(47) With (he above embodiments to mind, it should be understood that the invention may 
25 employ various computer- implemented operations involving data stored in computer 

systems. These operations are those requiring physical manipulation of physical quantities. 

Usually, though not necessarily, these quantities take the form of electrical or magnetic 

signals capable of befog stored, transferred, combined, compared, and otherwise 

manipulated. Further, the manipulations performed arc often referred to in terms, such as 
30 producing, identifying, determining, or comparing. 
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[48] Airy of the operahoas described herein that form pan of the mrertlion are useful 
machine operations. The invention also relates to * device or an apparatus for performing 
these ©pendens. The apparatus may be specially crailiucted for the nsqaired purposea, or il 
may be a generol-puipoje computer selectively activated or configured by a computer 
5 program stared in the computer. In particular, varioos gcnenJ-porpose machines nay be 
used with computer programs written in accordance with the teacbin gi berets, or it may be 
more convenient to coostruct a more specialized apparatus to perform the required 

operations. 10 

(49) The invention can also be embodied as computer readable code on a compear 
10 readable medi u m. The computer readable medium is any data storage device that can stare 

data which can be thereafter be read by s computer system. Examples of the computer 

readable medium include hard drives, network attached storage (HAS), rcad-ocly memory, 

random-access memory, CD-ROMs, CD-Rv, CD-RWs, magnetic tapes, and other optical and 

nan -optical data storage devices. The comp uter readable medium can also be distributed 
IS over a network couplod computer systems so mat iho comparer readable code is stored and 

executed in a distributed fashion. 

ISO) ft will bo farther appreciated that the instructions represented by me operariens in 
Figaro 3 are not required to be performed in the order illustrated, and that ali the processing 
r e pr esent ed by the operations may not be necessary to practice the invention. Further, the 
20 processes described in Figure 3 can also be implemented in software stored in any one of or 
combinations of the RAM, the ROM, or me hard disk drive 

[511 Although the foregoing mvenUoo has been described io some detail for purposes of 
clarity of understanding, it will be apparent that certain changes and modifications may be 
practiced within the scope of the appended claims. Accordingly, the present ernbodirnents 
25 are to be considered as illustrative and not restrictive, and the invention is not to be limited to 
die details given herein, but may be modi Tied within the scope and equivalents of the 
appended claims. 
What Is claimed Is: 
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A computing syaexn comprising: 



$ 



• processor; 

• m emor y system, thai inctodes at lad one DRAM module. 

• DRAM controller, wherein the DRAM comrollcT is openble to limit an access rate to 



the at least one DRAM module so that an average DRAM module power consumption rate is 



Jess than or equal ta a desired memory paver consumption rale; and 

a bus that couples the memory system, the processor and the DRAM controller. 



10 



10 



2. The system of claim I, wherein the DRAM controller includes a state machine: 

3. The system of claim I. wherein the access rate is equal to a number of accesses per a 
current time interval. 

15 

4. The system of claim 3, further comprising a power supply far the memory system 

5. The syrxm of curira 4, wherein the length for the cajnem time interval is less than a 
regulation time constant of the power supply for (he memory system. 

20 

6. The lysrem of claim 4, wherein the length for ibe current time interval is equal Id about 

JO microseconds- 20 

7. The lystem of claim 1 , wherein (he desired memory power consumption rate is equal to 
2$ about 66 percent of a maximum power consumption of the at least one DRAM module. 

S. The ryrcm of claim I . wherein the desired memory power comsurnpiioo rate n equal to 
aboui 9 watts for each of tho at least one DRAM module. 

30 9. The system of claim t , wherein the processor includes the DRAM controller. 

1 0. A method for limiting power consumption of a computer memory system comprising; 
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selecting • memory access rate, the selected memory access me corresponds to • 

average memory power em mc a p rion rate; 

carting a first time iutervaJ as a enrrem time interval; 



if the enenrmy access rale has not been exceeded, then applying the access to tbc 
memory system; and 

if the memory access rate has been exceeded, then: 

delaying the access until the current time interval has expired; 

starting a subsequent time interval as the carreer time interval; and 

applying tbc access to the memory system. 



10 



II. The method of claim 10. whereb accessing the memory system can include: 

determining if the current time interval has expired, if the current tunc interval has 



starting a subsequent tunc nUcrval as the current time interval; and 
applying the access to the memory system. 

12. The method of claim 1 1, wherein if the current time interval has not expired then 



13. The method of claim 10, where rn the access rate is equal to a number of ai 



20 



14. The method of claim 10, wherein selecting the memory access rale includes selecting a 
25 length for the current time interval. 

15. The method Of claim 14, whereb the length for the current time interval is less than a 
regulation time constant of a power supply of the computer system. 



30 16. Tbc method of claim 14, whereb the length for the current time interval is equal to 
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17. The method of cliim 10. wherein chc desired memory power consumption mc a equal 
to about 66 percent of a nnxfmcn power cxmsuntpdon of each memory module in the memory 



5 18. The method of claim 10. wberria the desired memory power con su mption rata is equal 
to about 9 watts per memory module in the memory system. 

19. The method of claim 10, wherein a DRAM controller comrob access to ihe memory jg 

10 
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